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CEE A

Motivation

 Why Current CT Quality Assessment Falls Short

« Manual background ROI selection — >15% inter-operator variability
in CNR

« NPS and TTF require dedicated phantom acquisitions — extra
radiation, cost, workflow disruption

 Manual PACS-to-DICOM coordinate transcription — 10-20+
min/case, impractical for routine monitoring
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The Pipeline

System Architecture

1. PACS Screenshot
Inputs 2. DICOM Stack

l [ Processing Scripts J

DICOM Background Quality
Handler Detector Metrics

\ l l / | Weblnterface |

Image Quality Outputs
(Figures, Quality Reports) /

Visualization
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1. PACS Screenshot
2. DICOM Stack




PACS Integration Workflow

Step 1 Step 2 Step 3

Capture PACS Screenshot Define Crop Region
(One time setup)

Click on Lesion

Full PACS

Window

Auto-extract XY Coordinates

Step 6 Step 5 Step 4
Transfer Coordinates Load DICOM Stack

Auto-transformed
coordinates in
DICOM Space |

a

Step 7: Automated CNR Analysis

Background CNR FOM Dose
Detected Recommendations

Total time: ~2-3 minutes per case



Set crop region once for your PACS system, then use for all patients!

Upload Screenshot

) PACS Screenshot (PNG, JPG) X

Row 131 Slice 69.png 4347 KB i

Load Screenshot

Status

File: Row 131 Slice 69.png
Full Size: 1936 x 1048

AUTO-CENTERED CROP REGION:
Top-left: (468, 24)
Bottom-right: (1468, 1024)
Ciza: 1000 v~ 1000

Full Screenshot (with crop region)

(4 Full PACS Screenshot

Full PACS Screenshot - Yellow box shows crop region
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Architecture and
Interface

User Interface

Step 1: Load Screenshot and Define Crop Region
Set crop region once for r PACS n, ther all patients!

Upload Screenshot Full Screenshot (with crop region)

1) PACS Screenshot (PNG, JPG) > 3 Full PACS Screenshot

131 Slice 69.png
Full Size: 1936 x 1048

AUTO-CENTERED CROP REGION:
om-right: (1468, 1024)
2 1000 x 1000
Centered at (968, 524) opped Region (click on lesion!)
Step 2: Load DICOM and Transfer Coordinates

Load DICOM Stack DICOM Image

& DICOM Slice

OICOM Shce 6385 - NOSOOES (11)

IMAGE PARAMETERS:
2l Spacing: 0568 mm
Slice Thicknes:
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Cropped Region (click on lesion!)
Cropped DICOM Reglon - CLICK ON

rop if needed (use con

on in cropped image +

Adjust Crop Region (Optional)

Bottom-Right ¥

1024

Re-apply Crop

Select Metrics to Plot vs SSDE:

Quality Metrics.

- o e lemscn e waber coreost

CNR vs Dose FOM (CNRY/SSDE) vs Dose

SO (mGy) : ' $$0€ (mGy)

Weber Cont
Micheison Contrast
FOM (CNE

FOM [SNR'/5S

Oetoctabitity index



Background Detection

Hounsfield Unit Histogram Analysis

|,
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Frequency

Background ROI - HU Values

HU Distribution with ROI Locations

Distance from Lesion (mm)

I 150
. H

Background Detection Quality

ROI Separation (Zoomed)

Contrast-to-Noise Ratio

CNR

Contrast Metrics

Contrast

Signal-to-Noise Ratio

Lesion  Background
Mean HU Values

»q{

o

: Weber Michaelson

D)
CNRvs. Dose

Lesion Background

FOM (CNR2/SSDE) vs. Dose

.}

H All Pixels

t | [ BackgroundROI (n=273)
|\ Lesion ROI (n=241)
—— Lesion Mean: -1.1 HU

‘ — BGMean: 11.5 HU

L ‘ H] [

Normalized Frequency

[ Background ROI

[ Lesion ROI
BG+-10: 12.4 HU
Lesion +- 10: 12.9 HU
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Background Detection

2 p

Automated Background Detection

HU-adaptive thresholding: tissue-matched background for fat, soft tissue, and dense
tissue

A)

Lesion ROI Combined View

Detected Background

Combined View

B Lesion ROL
Background
©

Quality flags: GOOD / WARNING / FAILED
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Phantom-Free Noise Power Spectrum

®* NPS reveals noise texture in the Noise Power Spe(g)rum %Zf.)s‘:::,:zrs slsectrum

spatial freqyenqy d(?main — SD alone A) NPS Uniform Region (Radially Averaged)
cannot distinguish fine vs. coarse !
noise

== Peak: 0.021 mm~*

300000

250000

® Algorithm: auto-identify uniform tissue
from CNR background mask — 64x64
ROIs — 2D FFT with Welch
windowing — radially-averaged 1D
NPS in HU?mm?

® Output: peak spatial frequency —
FINE / MODERATE / COARSE texture
classification

200000 4
B)

150000 4

NPS (HU2mm?)

100000 1

log,o(NPS)

50000 -

0 T T T y Y y Y
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

Frequency (X) Spatial Frequency (mm™)

® Validation: 218 cm? uniform region,
peak freq 0.021 mm™ — coarse
texture (consistent with smooth kernel)
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Noise Power Spectrum (NPS) Analysis

A) C) 1D Noise Power Spectrum
NPS Uniform Region (Radially Averaged)
= NP§ region : - = Peak: 0.021 mm™
EEN Lesion
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Phantom-Free Task Transfer Function

o Algorithm:
e TTF quantlfles 1. Hough circle detection (>200 HU contrast) — 180 radial
Spatial resolution: profiles — ESF — LSF — Fourier trapsf_orm — TTF
2. Uses vessels, trachea, airways as built-in edge phantoms
SyStem response vs. 3. Captures real imaging conditions: patient motion, physiology,
spatial freq uency positioning — absent in phantom measurements

4. Validation: vessel quality score 0.89, TTF5,=0.17 mm™,
TTF.1 =0.30 mm™ — smooth soft tissue kernel confirmed

DARTMOUTH ENGINEERING



D LT soamoneam D

Phantom-Free Task Transfer Function

Edae Spread Function (ESF)

TTF Structu1 ‘
(Tracl Task Transfer Function (TTF)

1.0 1 ---- Measured TTF
TTF50=0.172 mm""’
TTF10=0.298 mm™’
Nyquist (0.50 mmr-

0.8 1

0.6 -

TTF

0.4

Quality: 0.89 0.2
Contrast: 988 HU

0.0 T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Spatial Frequency (mm-)

Distance from Edge (mm)
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Conclusion

* AnatomlQ automates the full CT 1Q pipeline — PACS
screenshot to comprehensive analysis in 2—3 minutes

Eliminates operator-dependent variability in CNR background
selection (>15% reduction)

First open-source toolkit to perform both NPS and TTF directly

from in vivo patient anatomy — no phantom, no additional
radiation

* Anatomical TTF captures real imaging conditions absent from
phantom measurements
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